Abstract: A driving force of economic development is growth in total factor productivity (TFP). Manufactured goods are, to a large extent, exports, and represent an important part of the economy for many developed countries. Additionally, a slowdown in labour productivity has been observed in many OECD countries after the financial crisis [2008][2009]. This study investigates TFP change and its components for the Swedish manufacturing industry, compared with the private service sector, during the years 1997-2013, centering on the financial crisis. Stochastic frontier analysis (SFA) is used to disentangle persistent and transient efficiency from firm heterogeneity and random noise, respectively. In addition, technical change (TC), returns to scale (RTS) and a scale change (SC) component are also identified. Along with the empirical analysis, an elaborative discussion regarding TC in SFA is provided. The persistent part for manufacturing (service) is 0.796 (0.754) and the transient part is 0.787 (0.762), indicating improvement potentials. Furthermore, TFP change is substantially lower between the years 2007-2013, compared to 1997-2007, driven by lower technological progress. Policy should, therefore, target interventions that enhance technology. However, care needs to be taken so that policies do not sustain low-productive firms that otherwise would exit the market.
Introduction
Total factor productivity (TFP) is the major determinant of economic growth (Krugman, 1997) and particularly important for export-dependent countries. The reason for this essentiality is that high operation efficiency and technology development are necessary for competitiveness in an international market. A slowdown in labor productivity growth can be observed in a large share of the industrialized countries and Sweden performed worse than other OECD countries after 2007 (OECD, 2015) . Furthermore, potential catch-up after a financial crisis is of particular importance because Cerra and Saxena (2008) showed that the per capita income ranking has fell for several countries after a financial crisis, e.g. for Sweden after the banking crisis in the early 1990s. Even though TFP is a driving force for economic growth that is likely to be affected during economic downturns -it has hardly been investigated during the financial crisis 2008-2009 and the following period. The manufacturing sector is of specific importance, due to its export dependence and potential for spill-over into other sectors (Kaldor, 1966) . In addition, several studies show that negative TFP shocks within manufacturing are the primary cause of economic stagnations (see e.g., Fukao & Kwon, 2006) .
The aim of this paper is to examine TFP and its decomposed factors before, during and after the financial crisis in [2008] [2009] . A four-component stochastic frontier model (SFM) for the Swedish manufacturing industry is applied for the period 1997 to 2013, which permits analysis of a potential catching-up following the crisis. For comparison purpose, the domestic service sector is incorporated in the analysis since it, potentially, is less affected by changes in world demand. Additional to the empirical analysis, a question is raised regarding interpretation of TC in stochastic frontier analysis (SFA).
To investigate and compute TFP and its components, we use the SFM that was simultaneously proposed by Colombi, Kumbhakar, Martini and Vittadini (2014) , Kumbhakar, Lien and Hardaker (2014) and Tsionas and Kumbhakar (2014) . In this model, inefficiency is decomposed into a persistent and a transient component separated from firm-heterogeneity and random noise, respectively. Further, technical change (TC), returns to scale (RTS) and a scale change (SC) component are also identified. The TFP change is obtained as the sum of TC and SC.
Our findings show improvement potentials in efficiency. The persistent part for manufacturing (service) is 0.796 (0.754) and the transient part 0.787 (0.762). Both the manufacturing and the private-service sector had a decline in efficiency during the financial crisis, but it was smaller for the service sector. During the post-crisis period, firms within both sectors caught up to the level of efficiency they had before. Furthermore, the manufacturing (service) had an annual average TFP growth of 1.17% (1.24%) measured over the whole period. However, substantial differences are observed in TFP change over time when separating the time-periods; i.e., 1997-2007 and 2007-2013, respectively . The manufacturing sector has a TFP growth of 1.98%, and the service sector, 1.80%, during the former period, i.e. before the crisis. This can be compared with 0.44% and 0.54% in the latter. This difference between the pre-and post-periods is statistically significant on the 1% level. A pure separation, whether this is driven by inefficient firms or frontier firms, cannot be performed, i.e. the production function can be pushed towards the origin by inefficient firms. Nevertheless, for manufacturing, the lower transient efficiency during the financial crisis can still be observed when time is indicated by year fixed effects, meaning that firms with low efficiency affect TC, at least, to some extent. However, due to the lower TC during 2007-2013, policy makers should target interventions that enhance technology, e.g., increasing the attractiveness of innovating. In addition, care should be taken when designing these policies so they do not sustain low-productivity firms that would otherwise close down.
The remainder of the paper is organized as follows. The background of this study is presented in section 2. In section 3, different ways of measuring efficiency and TFP, with a focus on stochastic frontier models and interpretation, are described. The methodology used in this paper is presented in section 4. Section 5 considers the data, and the results are presented in section 6. Finally, section 7 concludes and provides policy recommendations.
Background
Sweden went from one of the weakest countries, (in terms of labor productivity) within the OECD area to being one of the strongest during the period 1992-2002, which Oh, Heshmati and Lööf (2012) analyzed. In the early 1990s, Sweden abandoned the fixed exchange rate, which is, at least partly, the explanation for the increase in competitive power during this period (Bergvall, 2002) . However, according to data from OECD, labor productivity was lower in Sweden in comparison to other countries during the period 2007 -2013 (OECD, 2015 . A description of the development of the aggregated value added in the included sectors, standardized in 1997, during the studied period, is shown in Figure 1 . Corresponding to the period during the financial crisis, both sectors indicate a decline that is steeper for manufacturing. However, the service sector continues to increase after the small decline while the aggregated value added in manufacturing shrinks. TFP growth in manufacturing will not, however, be affected if this reduction occurred due to reallocation of inputs to other sectors.
To the best of our knowledge, no study targets TFP change for manufacturing firms in Sweden during and after the financial crisis during 2008-2009. However, technical efficiency is studied by Carlsson (1972) . Furthermore, Kumbhakar and Heshmati (1996) as well as Oh et al. (2012) investigated TFP. 2 Both TFP studies use panel data for the estimation. The years covered are 1964 -1989 and 1992 -2000 . Carlsson (1972 concludes the adjusted average efficiency index to be between 0.577-0.905, depending on the industry, using cross-sectional data from 1968.
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Using panel data average functions, Kumbhakar and Heshmati (1996) and Oh et al. (2012) determine the time effect by a trend and dummies, i.e., the general index (GI) model (Baltagi & Griffin, 1988) . Both Kumbhakar and Heshmati (1996) and Oh et al. (2012) estimate RTS and decompose TFP growth into TC and SC. 4 TC is further separated into neutral, non-neutral and scale augmenting TC.
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Both recent studies regarding TFP growth and its decomposed factors for the manufacturing sector in Sweden apply translog average functions, i.e., inefficiency is not considered except in Carlsson (1972) , who investigates efficiency, but not TFP. There are studies considering the TFP growth within manufacturing in other countries using stochastic frontier models. Generally, these studies use a time trend approach (see e.g., Kim & Han, 2001; Gounder & Xayavong, 2004; Kim & Shafi'i, 2009 ). One exception is Zheng, Wang and Shi (2008) , who use both a time trend and additional time dummies for some years in order to capture external shocks. Kumbhakar and Heshmati (1996) conclude a TFP growth of approximately 1.91%, on average, for their preferred model. Further, a negative TFP change was shown for several years driven by negative TC. Similar results are found in Oh et al. (2012) , i.e., TFP change is 1.9-2.0% in the preferred, most flexible, models. Both studies argue that the GI is advantageous when the pattern of TC is erratic, to capture the years with negative TC. However, we argue that it does not give an estimate of the technical change in its original interpretation, i.e., a development of the technology. The reason is that cyclical factors, to a large extent, are captured because inputs are not fully flexible. For example, employees can, generally, not be terminated directly, and capital in standard models is assumed to be fixed in the short run. More discussion on interpretation of TC is provided in the next section.
2 Productivity is also considered in a few other studies centering on bad outputs, energy efficiency and climate, e.g. Lundgren et al. (2015) , Bostian et al. (2016) , Färe et al. (2016) , and Lundgren et al. (2017) . 3 Carlsson (1972) provides a comprehensive theoretical part on competition which will not be described further here. 4 Oh et al. (2012) reported an RTS of between 1.022-1.030 for manufacturing and 1.020-1.026 for service. 5 As Oh et al. (2012) use a production function, there is no scale augmenting TC.
A few, but not many, studies investigate impacts on productivity and efficiency during and after the financial crisis of 2008 -2009 . For instance, Kapelko, Oude Lansink and Stefanou (2014 examine dynamic inefficiency of the Spanish constructing sector pre-and post-financial crisis. They found that the dynamic cost inefficiency is larger before the crisis. In addition, Kapelko and Oude Lansink (2015) study technical efficiency, and its determinants, for the construction sector in Spain using data envelopment analysis (DEA). Technical efficiency is shown to be significantly lower during the beginning of the crisis. TFP and labor productivity have been studied by Harris and Moffat (2016) in the UK. The significant decline post-2008 did not recover before 2012. Therefore, they concluded that the loss in productivity is likely to be permanent rather than cyclical. Recently, Kapelko, Oude Lansink and Stefanou (2017) investigated the impact on dynamic productivity growth in the Spanish food manufacturing industry using the Luenberger productivity indicator. Negative impacts on productivity were found. However, diverse effects are observed between different sub-industries and firm-sizes. 6 In summary, only two studies in Sweden investigate TFP in the manufacturing sector and one considers efficiency. Each of these analyzes data that are at least 16 years old. Furthermore, neither of them focuses on the financial crisis of 2008-2009 nor estimate a stochastic frontier model.
Measuring Productivity and Efficiency
There are a number of different ways to measure TFP used in the literature. These can be divided into non-parametric measures such as the Divisia index or the Malmquist index (Caves, Christensen, & Diewert, 1982; Diewert, 1976; Färe, Grosskopf, Lindgren & Roos, 1994) , parametric measures like average production functions (Solow, 1957) and SFA (Aigner, Lovell & Schmidt, 1977; Meeusen & van Den Broeck, 1977) . Non-parametric measures based on DEA (Charnes et al., 1978) have the limitation of interpreting all deviation from the frontier as inefficiency and being sensitive to outliers. Thus, a parametric approach is applied where SFA is the standard point of departure when modeling technical efficiency (see e.g., Greene, 2008; Kumbhakar, Parmeter & Zelenyuk, 2017, for overviews) . This section briefly describes the development of measuring efficiency with focus on SFA. Thereafter, a comparative description of measuring TFP using SFA and average production functions, including a discussion of interpretations, is provided.
Efficiency
Usage of panel data in the scope of SFA started in the early 1980s by Pitt and Lee (1981) and Schmidt and Sickles (1984) , among others. The standard model can be formulated as:
where is the output for each firm i (i = 1,…, N) at time t (t=1,…,T), x it is the vector of inputs quantities, t is the time trend and is the corresponding coefficient to be estimated. Finally, technical inefficiency, referred to as , is non-negative. The SFA assumes that an idealized production frontier can be found where the one-sided deviation from the frontier is referred to as inefficiency. Throughout the development of new models in the SFA literature, a debate regarding identification and/or interpretation of the efficiency term has been present. In the early cases, inefficiency may change between producers, but not over time (see e.g., Pitt & Lee, 1981; Kumbhakar, 1987; Battese & Coelli, 1988) . The assumption of constant inefficiency is argued to be unrealistic when the number of time periods is large and the competition is high. Therefore, inefficiency can also be considered as time-varying (see e.g., Kumbhakar, 1990 , Lee & Schmidt, 1993 .
During the 1990s, the error term was separated into three parts. Kumbhakar and Heshmati (1995) developed a model that views the time-invariant effect as persistent inefficiency. However, the persistent part in these models does not account for the fact that the time-invariant effect is likely to be, partly, a result of firm-heterogeneity. Therefore, Greene (2005a Greene ( , 2005b decomposes the error into firm-specific time-varying inefficiency, firm-specific random-or fixed effects, to capture latent heterogeneity and random noise. The issue here is that any producer-specific and time-invariant component is considered as unobserved heterogeneity. Thus, the differences between the different three-component models are related to interpretation. Consequently, both models have the drawback that firm-heterogeneity and persistent inefficiency is not disentangled.
There has been renewed interest in efficiency modeling due to the methodological development, starting with Colombi et al., (2014), Tsionas and Kumbhakar (2014) and Kumbhakar et al., (2014) that simultaneously proposed separation of the disturbance into four components. Furthermore, Filippini and Greene (2016) proposed implementation of the model by a simulated maximum likelihood approach. These models separate persistent inefficiency from firmheterogeneity and transient inefficiency from random noise. Persistent inefficiency is important, from a policy perspective, because it includes time-invariant effects of inputs such as management and other unobserved factors (Mundlak, 1961) . For further description of the development and comparisons of models, see e.g., Filippini and Greene (2016) , Heshmati, Kumbhakar and Kim (2016) or Kumbhakar, Parmeter & Zelenyuk (2017). 7 Total Factor Productivity TFP is often empirically measured by a production function which is identical to the stochastic frontier model without an inefficiency component, i.e., inefficiency is zero, written as equation 2.
[2] = ( , ; ).
Before elaborating on the potential interpretation issues, the time derivative of the translog production function is presented in equation 3.
[3]
where both β and β are equivalent for all firms. The expression in equation 3 is often claimed to be firm-specific. However the firm-specific part can be questioned because it only differs depending on the level of inputs, as can be seen in equation 3 (Baltagi, Griffin & Rich, 1995) .
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Studies that investigate TFP using an average function generally interpret equation 3 as TC , i.e., shift of the production function. 9 In SFA, most attention targets identification and/or interpretation of efficiency (see e.g., Kumbhakar, Parmeter & Zelenyuk, 2017) meaning that less effort is given TC . However, Kumbhakar, Denny and Fuss (2000) show that TC from the average production function can be separated into frontier shift (TC ) and technical efficiency change (TEC ) using SFA.
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Identification should require different estimates of TC , depending on whether a stochastic frontier model or an average model has been estimated (given that TEC is different from zero). However, these models only differ in their distribution assumption of the disturbance, which is not likely to affect the estimated coefficients in the production function but only the intercept (Aigner et al., 1977) . In SFA, each firm obtains an estimate of TC regardless of whether they operate on the frontier. The average of these estimates is then considered as the TC and, commonly, interpreted as a frontier shift.
If TC and TEC are considered separately, the straightforward economic interpretation is often argued to be the main advantage, i.e., shift of the frontier and catching-up to best practice (see e.g., Pires & Garcia, 2012) . Regardless of the straightforward interpretation, identification of the separate components is crucial for usefulness. 11 equivalent.
12 However, despite the equivalence of the deterministic parts -the implications of the different time derivatives are different given the previous argument that SFA interprets it as frontier shift. Little attention to these interpretation issues can be found in the literature. Related is the identification issue that occurs in disentangling TC and TEC due to their simultaneous time variation (see e.g., Greene, 2005b) .
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This section can, apart from the brief overview, be summarized in three points. First, it provides motives to raise the question of how TC should be interpreted in SFA, i.e., should it be understood as a frontier shift? Second, a clear-cut separation between TEC and TC should be performed with care in SFA. The reason is that identification issues occur, from an econometric point of view, in reliably assigning the simultaneously changing time components to either TC or TEC . Third, applied researchers should, if no separation is performed, be clear in how TC is interpreted, i.e., the estimate of TC may include what Kumbhakar et al. (2000) address as both TC and TEC .
The contradictory interpretation is addressed by, for example, Lovell (1996) .
Methodology
This paper adopts the four-component SFM because it improves previous models in several ways. First, previous models in the manufacturing sector are likely to fail in identifying factors with persistent effects on efficiency (see e.g., Heshmati et al., 2016) . Second, a common assumption is that inefficiency is independent over time. More reasonable is to assume that one component of efficiency can be removed and another is fixed. Third, identification of these components is important from a policy perspective, since different interventions are necessary depending on what is to be targeted (see e.g., Kumbhakar & Lien, 2017) .
Each of the four proposed four-component models identifies the transient and persistent efficiency consistently, but in different ways, i.e. in one or several steps. This paper applies the Kumbhakar et al. (2014) multistep procedure because it is straightforward to implement and verification is possible in each step.
[4]
= 0 + ( , ; ) + − + − .
A translog specification is used to allow for different RTS (Christensen, Jorgenson & Lau, 1973) . The model is specified in equation 4.
The first disturbance component ( ) captures firms' latent heterogeneity (Greene, 2005a (Greene, , 2005b which is disentangled to identify the second component, persistent inefficiency (Kumbhakar and Heshmati, 1995) . Random shocks are represented by the third component ( ) and, finally, the last term is the transient ( ) inefficiency. The product of the persistent and transient efficiency is referred to as overall efficiency as suggested by Kumbhakar et al. (2014) . A short description of how the different components are identified will now be provided.
To apply the Kumbhakar et al. (2014) Furthermore, TC is estimated as equation 3. Therefore, TC is interpreted as a movement of the average production function, i.e., potential changes in efficiency cannot be claimed to be separated from a frontier shift. RTS is calculated as the sum of the input elasticities, i.e., ∑ MP , where MP = ∂f/ ∂ln . Based on RTS, the SC is calculated as (RTS − 1) ∑̇, where = MP /RTS and ̇ represents the change in inputs. 
Data
An unbalanced firm-level panel data set that covers all Swedish firms within the manufacturing and service industries during the period 1997-2013 is obtained from Statistics Sweden (SCB).
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15 A fixed effect model is also possible to use. However, the estimates of RTS becomes unreliable, e.g., 0.845 for manufacturing using that so the random effect is chosen.
This period is of particular interest due to the global financial crisis. The reason is the investigation possibilities of how an export-dependent sector (in comparison to a sector likely to export less) in Sweden, such as manufacturing (service), performed before, during and after the crisis. Included firm characteristics are: capital assets (K), number of full-time employees (L), and value added (Y). K and Y are in 1997 prices measured in thousands of SEK. Descriptive statistics is reported in Table 1 . The descriptive statistics in Table 1 is reported after elimination of outliers. No universally accepted method for outlier detection is present in the literature. However, we follow the most recent study on TFP for Swedish manufacturing firms and identify an observation as an outlier if the value added the present year changes more than 80% in comparison to the previous year (Oh et al., 2012) . Furthermore, the included variables are incorporated in the production function as logarithms. Observations where the logarithm becomes negative or zero are eliminated because the marginal product of zero or the cross-product of a negative value does not make economic sense. After this exclusion, the data consists of 30,144 unique firms over time that becomes 248,991 observations within different sub-sectors of manufacturing. The sector classification of Statistics Sweden is used to categorize the manufacturing sector into 11 sub-sectors. For the service sector, there is not a specific main category provided by Statistics Sweden. However, three sub-sectors are included as service: 1) wholesale and retail trade, 2) transport and storage, and 3) renting and business activities. These are aggregated to 920,043 observations, and the descriptive statistics, after the same elimination as for manufacturing, is presented in Table 1 . 
Results
The first part of the results considers efficiency and its different components, which provide an estimate of performance in relative terms. Second, RTS, TC and SC are presented, where the two latter components sum to TFP change.
Technical Efficiency
In this section, overall, persistent and transient efficiency will be analyzed. At first, these components are reported as averages over time in Figure 2 . An interpretation of this is that manufacturing has its largest share of inefficiency in the transient component, while the service sector has the largest inefficiency in the persistent part. However, the differences are fairly small. A potential outcome on persistent efficiency during and after a financial crisis would be an improvement, since firms with a low persistent efficiency are likely to be driven out of the market. In our case, this does not occur, meaning that the firms with low persistent efficiency remain in the market. Corresponding to the period after the financial crisis, i.e., after 2009, both sectors increase their transient efficiency to levels equivalent to that as before the decline -however, the changes are small for the service sector. Subsequently, transient efficiency does not show any considerable changes over time with the exception of the erratic change during the crisis. Diverse effects of the financial crisis could be observed on efficiency in the previous literature for other sectors and countries. Consistent with our results, for example, is a lower efficiency in the beginning of the crisis found by Kapelko and Oude Lansink (2015) for the Spanish construction sector. However, our study does not indicate any significant difference in efficiency for the whole post-crisis period, 2007-2013, compared to 19 The same pattern is shown if time is represented by dummy variables for manufacturing, but no differences in efficiency can be observed for the service sector. the previous period. Comparing the level of efficiency by sector, it can be observed that the manufacturing sector has higher efficiency, which is expected in order to the higher competition, internationally. Focusing on manufacturing (service) in relation to firm size, it can be observed that the transient efficiency is approximately the same, regardless of size. However, the persistent efficiency is 0.784 (0.745) for the smallest firms, i.e., fewer than 10 employees, and 0.848 (0.828) for firms with more than 300 employees. This is intuitive because large firms are more likely to compete in an international market.
20 Table 2 Persistent, Transient and Overall Efficiency by Sub-sector Heterogeneity can, therefore, be observed in size, which is consistent with Kapelko and Oude Lansink (2015) . Differences may also be present between sub-sectors; Table 2 reports the efficiency scores separated on these. Persistent efficiency differs from 0.703 for RENT to 0.842 within BASI. A low level of persistent efficiency should not be present in a competitive sector. The RENT sector is likely to consist of many local firms and the competition may be low on the local level. However, BASI, COKE and MACH, with the highest persistent efficiency, are more likely to have a large share of firms that operate in an international market. Differences, however, can be observed between these sub-sectors regarding the transient component. A potential mechanism behind this is differences in handling volatility in demand, i.e., flexible inputs. Studying the capital labor ratio between these sub-sectors, it can be observed that BASI has the lowest amount of capital given the labor, which is a sign of higher flexibility given that capital is a fixed input. Overall, BASI is the sector with highest efficiency and RENT has the lowest overall efficiency. To summarize, heterogeneity could be observed between sub-sectors and size groups. Only small changes in the efficiency components could be observed over time, with the exception of the period of 2009, i.e., the global financial crisis.
Technical Change, Scale Change and Total Factor Productivity
TC, SC and TFP are reported over time for the manufacturing and service sector in Table 3 . In Table 3 , the TC, SC and TFP are reported for the manufacturing (on the left) and service sector on the right. It can be observed that the effect of changes in SC is approximately zero for manufacturing and slightly negative for the service sector. On average, the RTS is 1.025 and 0.989 for manufacturing and service, respectively. 22 The contributor to TFP growth is, instead, TC, which indicates an annual progress of between 0.61% and 1.74% for manufacturing and between 2.06% and 0.82% for service. These changes are smooth over time by construction and the technical progress is interpreted as a shift upwards of the average production function. This occurs if: 1) inefficient firms catch-up or 2) the frontier firms perform better. These effects are not directly disentangled in this paper, i.e., TC is not interpreted separated from TEC based on the arguments elaborated in section 3. Since the prior results are smooth over time, we would like to pinpoint the periods before and after the financial crisis by estimating TFP on the subsector level separated into these periods, i.e. , 1997-2007 and 2007-2013. 23 In table 4, TFP is reported over the whole studied periods, 1997-2013, and separated before and after the crisis, i.e. 1997-2007 and 2007-2013, respectively . From the right column in Table 4 , it can be observed that the average TFP growth was 1.17% and 1.24% for manufacturing and service, respectively. This is mainly driven by TC, which is reported separately in the appendix.
By separating the pre-and post-financial crisis periods it can be observed that manufacturing showed a TFP growth of 1.98%, and service 1.80%, during the pre-crisis period. In comparison, both industries indicate a substantially lower annual TFP growth from 2007-2013, i.e., 0.39% and 0.54% for manufacturing and service, respectively. In comparison to the previous literature on Swedish data, TFP change during the pre-crisis period is in the same range, but the postperiod is lower. Furthermore, our findings points in the same direction as the result in Harris and Moffat (2016) , i.e., TFP have not recovered after the financial crisis. By performing the same separation on the sub-sectors, this pattern is observed in all sub-sectors with a few exceptions, which are consistent with Kapelko et al. (2017) .
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The majority of the sectors indicate a pattern of lower TFP change after 2007. The exception is food, beverages and tobacco and a potential mechanism behind that is that these goods are less likely to be affected by cyclical changes than other products. Furthermore, a few sub-sectors indicate a negative TFP change driven by negative TC, which has an economically counterintuitive interpretation. 25 At least two potential scenarios can explain the mechanism that will emerge as a technical regress in the model: 1) absence of reinvestment in capital, which made the capital stock less productive and 2) a decline in demand that made the firms unwilling to produce more outputs, while the inputs were not adjusted accordingly. The latter should, however, only affect firms in the short-run, and as we use a time trend over several years to represent TC, the cyclical changes should be smoothed. Recapping from the previous discussion, the interpretation is, in our case, not necessarily a movement inward of the production frontier, since TEC and TC are, partly, collapsed. Erratic changes will be captured in the transient efficiency component previously analyzed and continuous efficiency changes, i.e., poor performing firms that do worse over time are captured in TC. Consequently, whether or not the lower TFP growth in the latter period is driven by weaker progress of frontier firms, or less improvement of inefficient firms in relation to the frontier, cannot be directly disentangled. However, the decline in transient efficiency during 2009 also holds if time is indicated by dummies for the manufacturing sector. Therefore, it is possible to state that the lower TC during the post-period is, at least, partly driven by inefficient firms within the manufacturing sector.
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This study adopted a time trend to smooth the changes and separated the time period into 1997-2007 and 2007-2013 due to the suspicion of different patterns with the source in the financial crisis. However, previous research on TFP within manufacturing on Swedish data, among others, argues that the time trend performs poorly when changes are erratic. Thus, a short year-by-year analysis, i.e., time dummies, is also performed, represented by Figure A3 in the appendix. These results indicate that the manufacturing caught up to its previous level in 2011 -but not to its 24 The reason that the TFP for the whole period is not between the single periods for all sub-sectors is that the first year in each sub-period is not accounted for in the measure of TC and SC (see Kumbhakar, Wang & Horncastle, 2015, p. 291-292 
Conclusion and Policy Recommendations
In contrast, the service sector is, visually, at the same trend as previously, which is in line with was shown for aggregated value added in Figure 1 . This study investigated TFP and its decomposed factors for the Swedish manufacturing and service industries between 1997 and 2013, targeting the financial crisis, using firm level panel data from Statistics Sweden. A four-component stochastic frontier is carried out, which permits decomposition of the disturbance into firm-heterogeneity, persistent efficiency, transient efficiency and random noise. Moreover, RTS, TC and SC are investigated, where the two latter sum to TFP change. Additionally, a discussion regarding interpretation in the scope of SFA is performed, where a question regarding how TC should be understood is raised.
The results show that there are potentials to improve efficiency where the persistent efficiency is 0.796 for manufacturing and 0.754 for the service sector. Further, the transient efficiency is 0.787 and 0.762 for manufacturing and service, respectively. Over time, each of the components is fairly stable, with the exception of the transient component within the manufacturing sector during the financial crisis. Heterogeneity can be observed on size and sub-sectors, i.e., large firms and firms within sub-sectors that are more likely to compete in an international market have higher persistent efficiency. TFP growth is observed to differ substantially between the two periods, 1997-2007 and 2007-2013 . During the pre-crisis period, TFP growth is 1.98% and 1.80% for manufacturing and service, respectively. This can be compared to the post-crisis period TFP growth of 0.44% for manufacturing and 0.54% for service, driven by a lower of TC. This pattern is fairly similar for all sub-sectors, with a few exceptions. Lower TC can have its source in either slower shift of frontier firms, less catching-up of inefficient firms or a mix of these. This study does not make a distinction between TC and TEC. However, a decline in transient efficiency could be observed for manufacturing also when time was represented by a dummy during 2009. In comparison to the lower TC in our main model, this means that the slow-down, at least to some extent, is driven by inefficient firms in the manufacturing sector.
Our results indicate that TFP change is substantially lower during and after the financial crisis, driven by lower TC. This means that TC is not back on its original trend of around 2% annually, observed for our pre-crisis period as well as by Kumbhakar and Heshmati (1996) and Oh et al. (2012) . Since TC is concluded to be the largest share of TFP change in this study, and previous studies in Sweden, it is an important source to drive TFP change and, thus, economic growth. Therefore, policy makers should target interventions that enhance technology, e.g., increase the attractiveness to invest and be innovative. However, TC can also be held back when firms that perform poorly stay in the market. Therefore, potential interventions should be targeted to firms with potential to drive the technology and not be given to low-productivity firms that would otherwise close down. Furthermore, the persistent efficiency can, for example, be related to regulations or differences in human capital that does not change over time. In contrast, the transient part of efficiency is handled by "carrots and sticks" (Kumbhakar and Lien, 2017) . Particularly, it is the persistent part that is necessary to identify, since firms with a low level of persistent efficiency are not sustainable in a highly competitive market. One common source of the persistent part is regulation meaning that all firms in the sector will suffer. However, further research is necessary to determine the particular sources that can drive persistent, transient efficiency and TFP growth in the right direction. Finally, since the aim of this paper is not to state an appropriate interpretation of TC in the scope of SFA, more emphasis regarding this in relation to TEC should be taken in the future. 28 28 The differences in comparison to the previous results are due to: 1) interactions were previously included and 2) the calculation of TC of the separated period does not take the first year into account. However, the conclusion remains constant.
However, the average production function is on a similar level as before the crisis, indicating that it has not caught up to its original trend. In contrast, the service sector is, visually, at the same trend as previously. This was not shown for the TFP growth since 1) no scale effect is included here, and 2) the interaction of time is not included. An interpretation of this is that TC and TFP growth are largely affected by the financial crisis, especially the manufacturing sector. From Figure 1 , it could be observed that the aggregated value added has declined. Furthermore, Figure A3 indicates a slowdown of growth that can have several explanations, e.g., absence of reinvestment in capital or loss in competitive power in the international market. However, this is not in the scope of this study to investigate. 
